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CnPABKA 

Oeflepa/ibHbiM nHCTHTyr npoMbiui/ieHHOM co5cTBeHHOCTi4 (flanee - l/lHCTuryr) HacTOHLMnivi 
yflocTOBep5^eT, mto npMno>KeHHbie Maxepnajibi 5iBnjRK)TC5i roMHbiM BocnponaBeAeHweM 
nepBOHananbHoro onMcaHM5i, ct)opMynbi, pect}epaTa m HepTe>KeM (ecnn MMeK)TC5i) saHBKH 
Ns 2004110782 Ha Bbiflany nareHta Ha i43o6peTeHi/ie, noAaHHOM s l/lHCTHTyr b anpene Meraqe 
12 AH« 2004 roAa (12.04,2004). 



HassaHMe H3o6peTeHM5i: 



ynbrpasByKOBOM cnoco6 M3MepeHM5i pacxoAa 
>Ki4AKMx m/mjim rasooSpasHbix cpeA n ycrpoKcTBo 
AJifl ero ocyiMecTBneHwn 



SaneiiTeiib: 

AejicTBMTejibHbie aBTopbi: 



flEPEB^irHH AneKcaHflp MMxafinoBMM 

flEPEBfirHH AneKcaHflp MwxaCinoBMM 
OOMMH AJlEKCAHflP CepreesMH 
CBMCTyH BnaAMMMp MBanoBHH 




yjIbTPASBYKOBOa CnOCOE H3MEPEHHH PACXOflA ^HflKHX WmH 
rA300BPA3m>IX C?BA H Y CTPOKCTBO JiflSL BTO OCYmECTB JlEmW. 

HsoSpexeHHe othochtc^j k HSMepHxeni-Hofi xexHHKe, . b HacTHOcra k 
y^BTpasByKOBMM cnoco6aM H3MepeHH« pacxofla ^kh^khx h/h;ih rasooSpasHMX 
cpefl H ycTpoficTsaM AJM ero ocymecTBneHHH. 

HsBecxeH y^iBipasByKOBofi cnoco6 HSMepeHHH cKopocxH noxona, 
ocHOBaHHBiil Ha pa6oxe b oahom sneKipoaKycxH^ecKOM KaHaJie oAHOBpeMCHHO 
;^Byx cHHxpoKo^ieu, oflHO H3 KOXopHK pa6oxaex no noxoKy, ^yroe-npoxHB 
noTOKa (Abx.cb. CCCP K2802790, kji G OlFl/66, 1981). 

OflHaKO H3BecxHBifl cnoco5 He o6ecneHHBaex flocrraxoHHyio tohhocxb 

H3MepeHH« CKOpOCXH nOTOKa. no KOXOpofi MOKHO CyflHTB O paCXOfle «HAKOfl 

h/hjih ra3006pa3H0ii cpeflH. 

no TexHH^ecKOfl cy^ocra HaH6oj.ee Sotskhm k npewiaraeMoMy cnoco6y 
,»»«c« yx*Tpa3ByKOBo« ,ac™™o-HMny;»cHHB c„oco5 HSMepenH. pacxoaa, 
3aKnK,,aK.m»i!c» b o6pa30.aH™ b o«aoM »3MepHTe»«,OM KaHa^e wx 
cHHxpoKonea. BK™o,aK,mHX H3,.y,eHHe ynBtpassyKOB^x n«,e6aBH» lo noroxy 
„3Mep,eMofi cpewa h npoTHB Hero. npHeM npomewuHK cpe«y Kone6aHH« h 
™eo6paaoBa„He hx b ,««pH.ecKHfi CHTHan, npH,eM B k»k«om oHHxpOKOnwe 
3.eKrpH,ecKHe cHn,a.« nepesamcH no .hhhh cb,3H, H3Mepe»,e ,acr<™ 
c.eflOBaH». ™oB B Ka>«,OM cHHxpoKO«»e H onpeae^eHHC Be»«HH« 
pacxofla npoH3BO«.T no pa3»o=™ H3«epe»H»< nac^x (cM.naT. J^^104498, 

KJI GOl F 1/66, OT 1 6.02.93). 

OflHaKO H3BecrHH« cnoooe He oSecneHHBaer flOO^TOSHJIo jroHpocr.. 
„3«epeHHJ. pacxo«a cpea«. Tax KaK HSMepeHHe „poH3BO»™. JJHmB no 
pe3yj,.TaTaM a„ajj„3a ,J,eKTpH,eOKHX oHTHajjOB. npeo6pa30BaHH«x ox 
yj,.Tpa3ByKOBB,K K0„e6aHH«. nponje«nn,x Hanp«MyK, or „peo6pa30BaTen, k 
npeoepaaoBaxejno. hto CHH^aex *yHK„Ho„aj,B„«e bosmojkhocth enoco6a h ne 
„aer onpeaeneHHO cKopoCTH nOTOKa b pa3HB« TOHKax ceneHH, Tpy6«. 
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HsBecxeH yjiBipasByKOBOH HacTOTHO-HMnyjibCHbm pacxoflOMep, 
coAepxcamHH npeo6pa30BaTejiB pacxofla, BBinojiHeHHtiii b bhac flByx 
3JieKTpoaKycTHHecKiix npeo6pa30BaTejieft, ycxaHOBjieHHBix Ha H3MepHTejiBHOM 
ynacTKe xpySonpoBOAa h CBHsaHHtix c ajieKXpoHHLiM 6jiokom JiHHHefi cbhsh, a 
xaiOKe acHHxpoHHtie nepcKJUOHaxejiH, ycxaHOBneHHBie napajujiejiBHO Bxofly h 
BBixofly jiHHHH CBH3H (bM.nax. P<E> JVrs2104498, kji GOl F 1/66, ox 16.02.93). 

OAHaKo H3BecxHoe ycxpoScxBO He . o6ecneHHBaex j^ocxaxoHHyio xohhocxb 
HSMepeHH^ pacxofla cpe^Bi, xaK KaK He Aaex onpeAeneHHH CKopocxH b pasHBix 
xoHKax ceneKHH xpy6Bi. 

no xexHHHecKOH cymHocxH HaH6ojiee 6jih3khm k npeflno^ceHHOMy 
ycxpoHcxsy jiBJiHexca ynBxpa3ByKOBoii pacxoAOMep, coflepMcamHiS nepsBiii h 
Bxopofi nBe30H3JiyHaxejiH, ycxanoBJieHKBie Ha . HSMepHxejiBHOM ynacxKe 
xpyGonpoBOAa noa yrjiOM k ero och, ycHJiHxejiB MomHOCXH, nepes nepBBifl 
yMHoacHxejiB nacxoxBi, coeflHHCHHHii co BxopBiM HBesoHSJiynaxejieM, renepaxop 
HenpepBiBHBix KOJie6aHHH, flBa ^^JihTpa, nepsBifi 4>^OBpamaxejiB, coe^HHeKHBiii 
c nepBBiM Bxo^oM 4>a30Mexpa, Bxopoii yMHoxcHxejiB nacxoxBi, coe;:[HHeHHBifi co 

BTOpBIM BXOAOM 4)a30MeTpa, BBIXO^l KOXOpOrO COeAHHeH C HHflHKaTOpOM, nepBBiH 
H BXOpOH nBeSOnpHeMHHKH, nepBBIH H BXOpoii yCHJIHXejIH QipaHHHHXeJIH, BXOpOH 

^asoBpamaxejiB, MOflyjMxop h renepaxop npHMoyrojiBHBix HMnyjiBCOB (cM.aBx.cB. 
CCCP Koi599659,KJi GOlFl/66, 22.09.87). 

O^HaKo H 3XO H3BecxHoe ycxpoHcxBO He o6ecneHHBaex BBicoKyio xohhocxb 
HSMepeHH^ pacxoAa BcmecxBa, xaK KaK HSMepcHHe npoHSBOflnxcH xdjibko no 
OAHOMy nyxH npoxo>KAeHHa yjiBxpasByKOBBix KOJie6aHHH b HSMepHxejiBHOM 
ynacxKe xpy6onpoBOAa h He npoH3BOAHXCH no flpyraM ynacxnaM. IloaxoMy He 
o6ecneHHBaexc5! HSMepenwe aniopBi CKOpocxH noxoxa no ceneHHio xpy6Bi. 

TexHHHecKHM pesyjiBxaxoM HBJiaexcH yBejiHHeHHe xohhocxh HSMepeHHH 
pacxofla 3KHflKOH h/hjih ra3oo6pa3HOH cpe^Bi sa cnex oGecneneHHA H3MepeHH>i 
3nK)pBi CKOpocxeH noxoKa no ceneHHio xpy6Bi. 

^OnOJIHHXeHBHBlM XeXHHHeCKHM pesyjIBXaXOM JIBJWeXOJ HCKJIIOHeHHe 

yrjiy6jieHHfi Ha BHyxpenHefi noBepxHocxH H3MepHxejiBHoro ynacxKa 
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Tpy6onpoBOAa, BK[3HBaIOI^nx HCKa»ceHne npo4)HJia noxoKa h oxjioxceHHe 
npHMeceii. 

Jtocraraexcji axo xeM, hxo, corjiacHO nepeoMy HSoSpexeHmo, 
yjibxpasByKOBOH cnoco6 HSMepeHHa pacxoaa ^h^khx h/hjih rasooGpasHBix cpe^ 
BKJiioHaex Hsny^eHHe yjibxpassyKOBBix KOJie6aHHH no noxoKy hjih npoxHB noxoxa 
HSMepiaeMOH cpeflbi, npHCM npouieAnrax cpe;5y Kone6aHng c npeo6pa30BaHHeM b 
sneKxpHHecKHC CHinajiiJ h HSjiyneHne yjiBxpasByKOBBix KOJieSaHHfi npoxHB 
nqxoKa hhh no noxoKy HSMepneMOH cpe^Bi, npneM npomefliirax cpe^y K0Jie6aHHH 
c nocjie^yioniHM npeo6pa30BaHHeM b 3JieKxpHHecKHe cnraajiBi, anajiHs 
BLimeyKasaHHbix ajieKxpHHecKHx CHrnajioB fljia onpeflejieHH^ pasHocxH BpeMenn 
npoxo3KfleHiw yjibxpasByKOBBix KOJie6aHHtS no noxoKy h npoxHB Hero ajm 
BbiHHCJieHHfl pacxofla cpeflBi, npn 3xom ncnojiBsyiox KaK MHHHMyM asa 
oGpaxHMbix 3JieKxpoaKycxHHecKHX npeoGpasoBaxejM, Ka^flBiH h3 Koxoptix HMeex 
flHaipaMMy HanpaBJieHHOcxn c yrjioM pacxBopa ne Menee 60^ b pasHBix 
njiocKocxax ceHCHHa h pacnojio^eH na HSMepnxejiBHOM ynacxKe xpy6onpoBOfla 
xaKHM o6pa30M, Hxo ocB AHarpaMMBi nanpaBJieHHocxH npeHMymecxBCHHO 
nepneimHKyjiHpHa k npoflOJiBHofi och xpy6onpoBOfla, nepBBifi o6paxHMBifi: 
sjieKxpoaKycTHHecKHH npeoGpasoBaxejiB CMcmen oxHOCHxejibHo Bxoporo no 
HanpaBneHHK) noxoKa na paccxo^Hne ne 6ojiee 2,5 D, r^e D - flHaMexp 
Tpy6onpoBOAa, npUHCM BbimeynoMaHyxMft anajiHS npOHSBOflax KaK 
sjieKxpHHecKHX cnraajioB npeo6pa30BaHHBix ox yjitxpaasyKOBBix K0Jie6aHHH, 
npomeflmHX nanp^MyK) ox npeoGpasoisaxejiH k npeo6pa30BaxejiK), xaK h/hjih 
sjieKxpHHecKHX CHraajioB - ox yjiBxpasByKOBBix KOJieGaHHa, npoiueAuiHX nepes 
oflHOKpaxHoe h/hjih MHoroKpaxHoe oxpa^cemie ox BHyxpeHHefi noBepXHOCXH 
xpy6onpOBOfla. 

CorjiacHO BxopoMy H3o6pexeHHK), yjiBxpassyKOBoli pacxoflOMep, coAep^cHX 

6jI0K 4)OpMHpOBaHHH H aHaJIHSa SJICKXpHHeCKHX HMnyjIBCOB, 3JieKXpHHeCKH 
CBHSaHHBIH, KaK MHHHMyM C ;^ByMH o6paXHMBIMH 3JieKxpoaKycxHHecKHMH 
npeoGpasoBaxejiHMH, Ka»cflMH hs KOXopBix HMeex flHarpaMMy HanpaBJicHHOCxH 
HsjiyneKHK h npneMa c yrjioM pacxBopa ne Menee 60^ b hjiockocxhx ceneHH^ h 
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pacnoJio»ceH na HSMepHxejibHOM ynacnce Tpy6onpoBGfla tekhm oCpasoM, hto oce» 
AHBipaMMH HanpaBJieHHOCTH npcHMymecTBeHHO nepneHflmcyjiapHa k 
npoflojibHofi ocH TpyGonpoBofla, nepstiH o6paTHMHfi sjieiapoaKycTHHecKHfi 
npeo6pa30Batejn, CMemen OTHocHTejibHo BToporo no HanpasjieHHio noxoKa na 
paccTo^HHe He 6ojiee 2,5 D, r^e D - flaaMeip Tpy6onpoBOfla, npHHeM BHeniHAH 
H3JiyHaiomaH noBepxHocrt Ka>K«oro o6paTHMoro sjieKipoaicycTHHecKoro 
npeoepasosaxejia npeHMyB^ecTBCHHo coBMemena c BHyxpeHHcg noBepXHocibio 
Tpy6oIIpoBo;^a, KpoMe xoro nepsBii! h BxopoH oSpaxHMbie ajicKxpoaKycxiiraecKHe 
npeo6pa30BaxejiH pacnojio^em,! na oahoh oSpaayiomefi Tpy6onpoBOfla c 
oGecneHeHHeM npoxo^cHiw HMuyjibca yjibxpassyKOBbix KOJie6aHHfi ox o;^Horo k 
flpyroMy nocjie n-KpaxHoro oxpa^KeHHa, r^e n - uejioe hhoio. He npeBuiuaioiitee 
20, ox BHyxpeHHefi noBepxHocxH xpy6oiipoBOfla, a xaicace nepsHfi h Bxopoii 
o6paxHMbie 3JieKxpoaKycxHHecKHe npeo6pa30BaTejiii pacnojio3KeHBi na pasHbix 
o6pa3yiomHx xpy6onpoBOfla c o6ecneHeHHeM npoxo3igneHiM HMnyjibca 
yjibxpasByKOBbix KOJie6aHHg ox oflHoro k flpyroMy nanpaMyio h/hjih nocjie m- 
iqjaraoro oipascemiH, r^e m - Kejioe hhcjio. He E^eBbimaiomee 20, ox BHyipeHHefi 
noBepxHocxH xpyGonpoBoaa, xpoMe xoro 6jiok 4>opMHpoBaHHH h anajiHsa 

SJieKXpHHeCKHX HMnyjIbCOB CO;tep3KHT KOHTpOJIJiep, SJieKXpHHeCKH CBaaaHHblH 

KaK MHHHMyM c ^iByMH KaHajibHbiMH npHCMonepeflaxqHKaMH, flfiyux Aipi, 
renepaxopoM HMnyjibcoB, HH^HKaxopoM h ysjioM HHxep4>eiica, npH^CM 
renepaxop HMnyjibcoB 3JieKxpHHecKH cBHsan c KaHajibHWMH 
npHeMonepeflaxHHKaMH, Kaawwil as KOxopMX BsaHMocBasaH c 

COOXBeXCXByiOmHM AU^ H C COOXBeXCTByiomHM BXOflOM-BblXOflOM 

sjieKipHHecKoiS cbhsh 6jioKa 4>opMHpQBaHHa h anajiHsa 3JieKxpHHeciaix 
HMnyjibcoB c o6paxHMbiM 3JieKxpoaKycxHHecKHM npeoGpasoBaxejieM. 

Cymnocxb HSoSpexeHHa saicjiioHaexcfl b xom, hxo BwnojiHeHHe npewiaracMoro 
ycxpoficxBa BwmeonHcaHHbiM cnoco6oM, hosbojihcx peajiHsoBaxb Heo6xoAHMyK) 
nocnej^oBaxejjbHocxb onepaLiHfi, npH KoxopoH o6ecneHHBaexca HSMepeHwe sniopbi 
cKopocTefi noxoKa no ceneKHK) xpy6bi, hxo SHaHHxejibHO noBwrnaex xohhocxb 
HSMepeHH^. 



KpoMe Toro, coBMemeHHe BHeumeg HSJiynaiomeH noBepxHOcra KaHg^oro 
sjieicipoaKycTHHecKoro npeo6pa30BaTejM c BHyxpeHHeii noBepxHOCTtK) 
Tpy6onpoBOfla HCKjnoHaer oGpasoBaHHe yrjiySjieHHfi («KapMaHOB»), HCKaJKeHHH 
iipo4>HJi£[ noTOKa H 3arpa3HeHHH. 

CpaBHeHHe npe;vio»ceHHLix cnocoSa h ycxpoiicTBa c 6jiioKaamnMH anajioraMH 
nosBOJiaex yxBep^flaxB o cooTBercTBHH KpHxepHio «HoBH3Ha>>, a OTcyxcTBHe b 
anajiorax OTJinHHxejiBHBix npHsnaKOB roBopHX o cooTBeTCTBHH KpHTepmo 
«Pi3o6peTaTejiBCKHfi ypoBeHB». 

ripeflBapHTejiBHfcie HcnBixaHHa nosBOJiaiox cyflHXB o B03mo»chocxh urapoKoro 
npoMBiiiuieHHoro HcnojiBsosaHHfl. 

Ha ^HT.l npeflcxaBJiena KOHcxpyicmiH npe^tnoaccHHoro ycipoficxBa h ero 
4)yHKUH0HajiBHaa 6jiOK-cxeMa, na 4)Hr.2-4-BapHaHXH pacnojioMceHHa 
3JieKxpoaKycxHHecKHx npeoSpasoBaxejiefi. 

yjibTpa3ByKOBOja cnoco6 HSMepeHHs pacxo^a ^chakhx h/hjih ra30o6pa3HBix 
cpeA BKJiioHaex H3JiyHeHHe yjiBxpasi^KOBBix KOJieSaHHii no noxoKy hjih npoxHB 
noxoKa H3MepHeMOH cpeflBi, npHCM npomefliuHx cpe^y KOJie6aHHH c 
npeo6pa30BaHHeM b sjieKxpiraecKHe cHraajiBi h 3anoMHHaHHeM hx, HSJiyHemie 
yjibxpasByKOBBix KOJie6aHHH npoxHB noxoKa hjih no noxoKy HSMepaeMOH cpeflbi, 
npHeM npoiucAiuHX cpe^y K0Jie6aHHH c nocjieflyioiimM npeoGpasoBamieM b 
sjieKipHHecKHe cHraajiw h sanoMHHaHHeM hx, a xaioKe aHajiHS BBimeyKasaHHBix 
3JieKxpHHecKHX cHXHajioB AJM onpeflejieHHfl pasHocxH BpeMCHH npoxo3ic;ieHiifl 
yjiBxpasByKOBWx KOJie6aHHH no noxoxy h npoxHB Hero ^^jih BBiHHCJieHHfl pacxo^a 
cpe;ibi. 

Cjie^yex oxMexHXb, hxo npH 3xom HcnojiBsyiox KaK MHHHMyM ^Ba 
o6paxHMBix 3JieKxpoaKycxHHecKHx npeoSpasoBaxejia, Kaxffoji h3 Koxopwx HMeex 
flHarpaMMy HanpasjieHHocxH c yrjioM . pacxBopa ne Menee 60° b pasHBix 
njiocKOCxax ceneHHa h pacnojioxcen na H3MepHxejiBHOM ynacxKe xpySonpoBo^a 
xaKHM o6pa30M, Hxo ocB flHarpaMMti HanpasjieHHOCXH npcHMymecxBeHHO 
nepneHflHKyjiapHa k npoflOJiBHofi och xpySonpoBOfla, nepBBifi o6paxHMbiH 
3JieKxpoaKycxHHecKHfi npeo6pa30BaxejiB CMemen oxHOCHxenBHO Bxoporo no 
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HanpaB^ieHHio noxoKa Ha paccxoHHHe, He npeBSimaiomee 2,5 D, w D - ^HaMeip 
Tpy6onpoBo;;a. 

npH 3TOM anajiHSHpyioT sJieKxpHnecKHe cHiuajiH, npeo6pa30BaHHHe ox 
yjiBipasByKOBHx Kone6aHHfi, nponreflnmx HanpaMyio ox npeoSpaaoBaxenH k 
npeoepaaoBaxemo, h/hhh 3JieKTpH^ecKne cHraajiBi - ox yjiBipassyKOBLix 
KOJie6aHHH, npomefliimx nepea oflHOKparaoe h/hjih MHoroKpaxHoe cxrpasKeHHe ox 
BHyxpeHHefi nosepxHocxH Tpy6oiipoBOfla. 

yjiBipasByKOBofi pacxoflOMep coflepxcHX 6jiok 1 4)opMHpoBaHiw h anajiHsa 

3JieiCrpHHeCKHX HMnyjIBCOB, aJieKXpHneCKH CB^SaHKHS, KaK MHHHMyM C flByMa 

o6paxHMWMH 3JieKxpoaKycxHHecKHMH npeo6pa30BaxejMMH 2 h 3, Kaawbig h3 
KoxopHx HMeex flHarpaMMy HanpaBjicHHocxH HSJiyneHiDi h npHCMa c yraoM 
paciBopa He Menee 60° b pasHBix iuiockocx^ ceneHHa h pacnojio^en Ha 
HSMepHxejiBHOM ynacxice 4 xpy6onpoBOfla xaKHM o6pa30M, hxo ocb 5 flHaipaMMH 
HanpaBJieHHocxH npeHMymecxBenHo nepnewmKyjiapHa k npo^ojiBHofi och 6 
xpy6onpoBo;ia. 

nepBwii o6paxHMHft 3JieKTpoaKycxOTecKHa iipeo6pa30Baxejib 2 CMemen 
oxHOCHxejiBHo BxcpoFo HO HaiipaBJieHHK) noTOKa Ha paccxoHHHe He 6ojiee 2,5 D, 
rm D - flHaMexp xpySonpoBo^a, h Ka»c^bia H3 hhx 3JieKxpHHecKH cBHsan c 

6JIOKOM 1 4)OpMHpOBaHHH H anaJIHSa SJieKXpHHCCKIIX HMnyjIBCOB. 

BHeuiH^fl Hsjiynaiomaa noBepxHOCXB KaKfloro oSparaMoro 

3JieKxpoaKycxHHecKoro npeoGpasoBaTCjia 2 h 3 npeHMymecxBeHHO coBMemena c 
BHyxpeHHCH noBepxHocxBK) xpySonpoBOfla. 

nepBBiii H Bxopofi o6paxHMHe 3JieKxpoaKycxHHecKHe npeo6pa30BaxejiH 2 h 
3 Moiyx 6Bixfc pacnojioKeHBi na omo^ oGpasyiomei! ipySonpoBOfla c 
oeecneneHHeM npoxoxcflCHHa HMny^Bca yjiBxpasByxoBBix K0Jie6aHHfi ox o^oro k 
flpyroMy nocjie n-xpaxnoro oipa^enHH, w n - ^eJIoe hhcjio, ne npesHuiaiomee 
«20», ox BHyxpeHHefi noBepxHocxH xpy6onpoBOfla. 

KpoMC xoro, nepBBifi h Bxcpofi o6paxHMfcie sJiexxpoaKycxMHecKHe 
npeoSpasoBaxejiH 2 h 3 Moiyx Sbixb pacnojioMceHBi Ha pasHBix oGpaayiomHx 
ipy6onpoBOfla c o6ecneHeHHeM npoxoacfleniw HMuyjiBca yjiBipasByKOBBix 
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KOJie6aHHfi OT oflHoro k apyroMy HanpaMyro h/hjih nocjie m-KpaTHoro 
OTpaaceHHfl, rfle m - ^eJIoe hhcjio, He npeswrnaiomee «20», ot BHyipeHHeg 
noBepxHocTH Tpy6onpoBOfla. 

Bjiok 1 4>opMHpoBaHHa H anajiHsa ajieicipHHecKHX HMnyjiBcoB coAepmiT 

KOHTpOJUiep 7, 3JieKTpHHeCKH CBflSaHHHH KaK MHHHMyM C ffByME KaHaJIbHBIMH 

npHCMonepefla-raHKaMH 8 h 9, flByMa AUO 10 h 1 1, rcHepaxopoM HMnyjibcoB 12, 
HHflHKaxopoM 13 H ysjioM 14 HHTep4»efica. 

B KanecTBe KOHxpojijiepa 7 Moacex Gbitb HcnojiBsoBaH cxaHflapraHfi 
^H4)poBo^^ ^po^eccop o6pa6oTKH cHraajioB 4mpMH «MoTopojia» rana pSP56309 
KanajifcHBie npHeMonepeflaxHHKH 8 h 9 npejj^asHaHena jiflsi npHCMa h yciuieHHfl 
sjieKipiwecKHx CHTHaJioB OT renepaxopa 12 h o6paxHMBix 3JieKxpoaKycxHHecKHX 
npeo6pa30Baxe;ieil 2 h 3. B KaHecyrae ysjia 14 HHxep4)eiica Moxcex 6MXb 
HcnojiBSOBana MracpocxeMa MAX 1480, ^wpuhi «MAXIM». 

renepaxop HMnyjitcoB 12 sjieKxpHHecKH CBHsaH c KanajisKHMH 
npHCMonepeflaxHHKaMH 8 h 9, Kaagpjfi H3 KoxopBix BsaHMOCBaaaH c 
cooxBexcxByiomHM AUTI 10 h 1 1 h c cooxBexcxByionmM BXOAOM-BbixoAOM 15-1 
H 15-2 sjieKxpuHecKOH cb^sh 6jioKa 1 ^^opMHpoBaHHH H anajiHsa 3JieKxpHHecKHx 

HMnyjIBCOB C COOXBeXCTByiOmHM . 06paXHMBIM SJieKXpOaKyCTHHeCKHM 

npeo6pa30BaxejieM 2 H 3. 

YcxpoiicxBO coAepxcHX 6iiok nHxamia (na ^nr.l oxcyxcxByex), KOXopBiii 
MO»ex 6bixb pacnojio^eH KaK b Cjiokc 1 ^opMHpoBaHHfl h anajiHsa 
3JieKxpHHecKHX HMnyjiBcoB, xaK H BHe erb. 

B KanecxBe oSpaxHMBix ajiCKxpoaKycxHHecKHx npeoGpasoBaxejieii Moryx 
6bixb HcnoJiBsoBaHBi npeo6pa30BaxejiH cepHH MA40 flnoHCKoi! ^npuin 
«MURATA». 

VcxpoiicxBO pa6oTaex cjieflyromHM o6pa30M. 

CorjiacHo nporpaMMe, sanHcaHHOH b DSY KOHxpojiJiepa 7, sanycKaexca 
renepaxop 12, c oahofo h3 bbixoaob Koxoporo npHMoyrojiBHBie HMnyjibcw 
nociynaiox Ha bxo^ KanajiBHoro npHeMonepeflaxHHKa 8, c BBixo;ia KOXOporo 
ycHJicHHBiii sjieKxpHHecKHfi CHrnaji nocxynaex na o6paTHMHfi 
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3jieKTpoaKycTHHecKHH npeoGpaaoBaxejib 2. nocjieflHHH Hajiynaer 
yjibxpasByKOBBie KOJieSaHiuj c flHarpaMMoii HanpaBJieHHOCXH, HMeiomeg yroji 
pacTBOpa He Menee 60<» b pasHHx nnocKocxax ceneHBUi. 

Cjie^^yex oxMexHTb, hto h3 Bcero nyHKa yjiBxpasByKOBBix K0Jie6aHHH 
npeoSpasoBaxejiH 2 (3), HMeiomero yroji pacxBOpa ^^narpaMMBi HanpaBJiCHHOCxH b 
pasHBDc njiocKocxHX ceneHH^ a > 60%Hcnojib3yiox jihuib xe Jiyna, KoxopBie 
nona^aiox Ha npeo6pa30BaxejiB 3 (2) nanpHMyio hjih nocjie «n» hjih «m» 
KpaxHoro oxpa^eHHH ox BHyxpeHHeii noBepxHocxH, yjiBxpasByKOBoft cHraan, 
npomefluiHH no noxoKy HSMepaeMOH qjejoiBi c oAHOKpaxHBiM oxpasKeHHCM Jiyna 
16, nocxynaex Ha iipeo6pa30BaxejiB 3, c BHXOAa Koxoporo sjieKxpHHecKHH CHrnaJi 
nocxynaex Ha KaHaribHBiH npHeMonepeAaxHHK 9, KoxopBiH ycHJiUBaex 3Xox CHrnaji 
H iiepefl.aex na Ay il 11. C BBixofla AUJOL 1 1 o^H^poBaHHBra CHraaji nocxynaex Ha 
KOHxpojiJiep 7 H coxpaHHexM b ero onepaxHBHoii naMHXH. AHajioraHHO nocjie 
nocxynjieHHH HMnyjitcoB c renepaxopa 12 na Bxopoii KanajiBHtiH 
npHCMoniepeflaxHHK 9 h c ero BBixofla na o6paxHMBifi 3JieKxpoaKycxHHecKHH 
npeo6pa30BaxejiB 3 npoHcxo^Hx HSJiyneHHe yjiBxpasByKOBBix KOJie6aHHfi npoxHB 
noxoKa HSMcpaeMOH cpeflBi h hx nocxynjieHHe no o6paxHOMy nyxH Jiyna 16 na 
3JieKxpoaKycxHHecKHH npeoGpaaoBaxejiB 2. 

C BBixofla nocjieflHero 3;ieKipHHecKHe cHraajibi nepea bxoa-bbixoa 15-1 h 
KaHajiBHBiH npHeMonepe^axHHK 8 nocxynaiox Ha AUpi 10 h flajiee b OSY 
KOHXpojiJiepa 7. B KOHxpojuiepe 7 npoHSBOAHxcH anajiHS npHHHXBix 
3JieKxpHHecKHX cHFHajiOB jxsi^ onpeflejieHHii pasHOCXH speMeHH npoxosKfleHHM 
yjiBxpasByKOBBix KOjieGaHHH no noxoKy h npoxHB Hero. Do 3Xofi pasHOCXH 
BbiHHCjiaiox pacxoA ^HflKHX h/hjih xasooSpasHBix cpea. Ha HHflHKaxope 13 
oxoSpaHcaioxcH pesyjiBxax HSMepeHHH pacxo^a cpe^Bi, a xaKHce pasjiHHHBie 
xexHOJiorHHeciCHe napaiviexpBL Yseji 14 HHxepc^eHca cji>'«hx jjjih nepefla^H 
flaHHBix c pacxoflOMepa bo BHemnioio cexB, 

B npe^JiaraeMOM pacxo^OMepe HSJiyMaiomHe h npHeMHBie noBepXHocxH 
yjiBxpassyxoBBix npeoGpaaoBaxejieii 2 h 3 MaKCHMajitHo coBMemeHBi c 
BHyxpeHHeii noBepxHocxbK) HSMepHxejiBHoro ynacxxa 4 xpy6onpoBOfla h 
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ycxaHOBJieHBi napajiJiejiBHo och 6 xpySonpoBOfla, hto HcianoHaeT oSpasoeaHHe 
yrjiy6jieHHH («KapMaHOB») h HCKaaceHHg npo4)HJM noxoKa. 

npefljiaraeMaa KOHcipyicima hmcct h ^yroe npeHMymecxBo: hs oflHoro 
nyiKa yjiBxpasByKOBoro HMnyjiBca BBwejimoT n-jiynefi, KoxopBie npoxoflHT n- 
nyxeH c pasHBiMH sa^ep^KaMH bo speMeHH oxHocHxejiBHo nocjiaHHoro cHraajia, 
npH 3X0M peajiHsyioxca n-KanajioB HSMepeHHa, hxo nosBOJiaex ocymecxsim. 
6ojiee TOHHoe HSMepeHHe pacxo^a. B pacxo;^oMepe c flByMa iipeo6pa30BaTCJWMH 
2 H 3, ycxaHOBJieHHBiMH Ha oepasyiomefi xpy6onpoBOfla c paccxo^HHeM ^pyr ox 
flpyra, HanpHMep. 1.4 D, w D-^aMexp xpy6onpoBo^a, nepBBiM npH^ex no 
KpaxHafimeMy nyxH jiyn 17, oxpa>KeHHBiH ox npoxuBonojioKHOH ctchkh 
ipy6oiq)OB0fla, BxopBiMH npwT flBa jiyna 18, npome^mHe no ipeM xopflaM c 
flBOHHHM oxpa^ceHHeM bx cxeHKH xpy6onpoBOfla, npH axoM oahh h3 hhx no^ex 
no HacoBoa cipejiKe, Bxopofi- npoxHB. KoHxpojiJiep 7 no c^iBHiy bpcmchh Me^^y 
HHMH BBiHHCJiHex nonepcHRBie cocxaBJMwmHe noxoKa. HexBepxBiM h hhxbim 
npHflyx JiyHH, npomeflimie nexBipexKpaxHoe oxpaaceHHe ox ctchok ipy6onpoBo;5a, 
H x.fl. yroji pacxBopa, paBHtifi h npeBBimaroiimfi 60% BBiGpan fljia xoro, hxo6h 
oGecnewiB npoxoacflemie jiynefi 17 h 18 ox npeo6pa30BaxejM 2(3) k 
npeo6pa30BaxejiK) 3(2) no xopflaM c aboAhbim h 6ojiee oipaxceHHeM. 

C noMon^Bio Konxpojijiepa 7 bbihhcjihiot cKopocxB b pasjiHHHBix ceneHiMx 
xpy6onpoBo;^a, onpe^iejwiox aniopy noxoKa, ynnxBiBaiox CTCnent aaicpyxicH 
noxoKa H c MHHHMajiBHofi norpeniHocxBK) onpeflcjiaiox pacxofl cpenja. 

B cjiynae ycxanoBKH nexBipex yjibxpasByKOBBix npeoSpaaoBaxejieii 
2,3,19,20 (4)Hr.4) kojikhccxbo HSMepHxejiBHbix KanajioB Bospacxaer. Bbi6op Mecxa 
BsaHMHoro pacnojioKeHHH yjitxpasByKOBMX npeo6pa30Baxeji€ii 2,3,19,20 
onpe;tejMexca SKcnepHMeHxajibHO h saBHCHx ox oco6eHH0CTCii noTOKa 
HSMepneMOH cpesa. 

TaKHM o6pa30M, b npefljioxceHHwx H3o6pexeHiwx RocTuraeTcsi 
nocxaBJieHHBifi xexHHHecKHfi peayjiBxax. 



naxcHXHbiHnoBepeHHbmPO ^^^2^^ £ JI.r.BarflH 



OOPMYJIA H30BPETEHHH 



yjibxpasByKOBoiS cnoco6 HSMepeHHH pacxo^a mchakhx h/hjih 
ra3oo6pa3Hbix cpea, xapaierepHsyiomHiScflf tcm, hto oh BKjnoHaex HSJiyneHHe 
yjiBTpasByKOBBix KOJie6aHHH no noxoKy hjih npoxHB noxoKa HSMepaeMoii cpeABi, 
npHeM npomefliiiHX cpe^y KOJieSaHHH c npeoGpasoBaHiieM b aneKxpHnecKHe 
cHraajiBi H HSJiyneHHe yjibxpasByKOBHX KOJie6aHHH npoxHB noxoKa hjih no noToxy 
HSMepHCMOH cpeAU, npneM npoineAmnx q^e^y K6jie6aHHfi c nocjieffymuvaM 
npeo6pa30BaHHeM b sjieicrpHHecKHe CHraajiBi, anaiiHs BBimeyKaaaHHiiix 

3JieKXpHHeCKHX CHFHajIOB flJW OnpCJ^eJieHHH pa3HOCTH BpeMeHH npOXOMCfleHHH 

yjiBxpasByKOBBix KOJieSaHHH no noxoicy h npoxHB Hero BbiHHCJieHHH pacxofla 

Cpe^lBI, npH 3XOM HCnOJIBSyiOX KaK MHHHMyM pjBa o6paxHMi>ix 

3JieKxpoaKycxHHecKHX npeo6pa30BaxejiH, Ka»c^^Hg hs KoxopBix HMeex flHarpaMMy 
HanpaBJieHHOcTH c yraoM pacxBopa He Menee 60^ b pasntix hjiockocthx ceneHHH 
H pacnojiOHceH Ha HSMepHxeJiBHOM ynacxKc xpy5onpOBOfla xaKHM o6pa30M, hxo 
ocB ;[^Ha^paMMBl HanpaBJieHHOcxH npcHMymecxBeHHO nepneHflmcyjMpHa k 
npoflOJiBHOH ocH xpy6onpoBo^ia, nepsBifi oSpaxHMBifi ajieKxpoaKycxKHecioriS 
npeo6pa30BaxejiB CMeuneH oxHocHxejiBHO Bxoporo no HanpasjieHHio noxoxa na 
paccxoHHHe ne 6ojiee 2,5 D, rjxo D - flnaMexp xpy6onpOBOAa, npHHCM 
BBimeynoMHHyxBifi anajiHs npoHSBOfljiT KaK sjieKxpHHecKHX cHrnanoB 
npeoSpasoBaHHBix ox yjiBxpasByxoBBix KOJie6aHHfi, npomeAmnx HanpaMjoo ox 
npeoGpasoBaxejia k npeo6pa30BaxejiK>, xaK h/hjih sJieKxpHHecKHx CHraajioB - ox 
yjiBxpasByKOBbix KOJie6aHHH, nponieflmnx nepea oflHOKpaxHoe h/hjih 
MHoroKpaxHoe oxpa^enne ox BHyxpeHHeii nosepxHOCXH xpy5onpoBOfla. 

(2?/JiBxpa3ByKOBQfi: pacxo^toMep, xapaKxepHsyiomnflc^ xeM, hxo oh 
coAepxcHX 6noK 4)opMHpoBaHHa H aHaJiHsa ajieicrpHHecKHX HMnyJiBcoB, 

3JieKXpHHeCKH CBHSaHHBlfi, KaK MHHHMyM C ^(ByMH o6paXHMBIMH 

sjieKxpoaKycxHHecKHMK npeoSpasoBaxejiHMH, Ka^cflBiH H3 KoxopBix HMeex 
flHarpaMMy HanpasjieHHOcxH HSJiyneHHiJ h npncMa c yrjioM pacxBopa He Menee 
60^ B njiocKocxHX ceneHHH h pacnojio^en na H3MepHxejiBH0M ynacxKe 




Tpy6oiq)OBOfla xaioiM oSpasoM, hto ocb flHarpaMMW HanpaBJieHHOcra 
npeHMymecTBCHHo nepnen^mKyjiapHa k npoflOJiBHoiS och Tpy6oiipoBo;ta, nepBtifi 
o6paraMWfi sJieiopoaKycTHHecKirii npeoSpaaosaTejiB cMemen oxHocHxejifcHo 
BToporo no HanpaBJienrao noTOKa na paccroaHHe He 6ojiee 2,5 D, r^e D - 
AHaMerp Tpy6onpoBo;i(a, npKraeM BHemHaH HSJiynaiomaa noBepxHocri Kaaworo 
o5paTHMoro sJieiopoaKycTHHecKoro npeoSpaaosaTejia npeHMymecTseHHo 
coBMemena c BHyxpeHHefi noBepxHocxbio xpySonpoBOAa. 

3.yjii,Tpa3ByKOBOH pacxoflOMep non.2,OTJiHHaK)mHfic;i tcm, hto 
nepBfciH H BTopoH o6paTHMwe sjieKTpoaKycTHHecKHe npeoepasoBaxejiH 
pacnojio^CHH na oflHoii o6pa3yioiB(eii Tpy6oiipoBOfla c o6ecneHeHHeM 
npoxo»weHiM HMnym,ca yjiBTpasByKOBHx KOJieSaHHii ox o^Horo k ^pyroMy nocjie 
n-KpaxHoro oxpaaccHH^, r^e n - uenoe hhcjio, hc npesBimaiomee 20, ox 
BHyxpcHHeii nosepxHocxH Tpy6onpoB0fla. 

4. yjiBxpa3ByKOBolS pacxo;?oMep ^o^.2,oxJIHHaK)I^Hi^cfl xcm, hxo 
nepBHg H Bxopoii o6paxHMBie sjieKxpoaKycxHHecKHe npeoSpasoBaiejiH 
pacnojio^eHM na pasHBix oepasyjomnx xpy6oIIpoBo^^a c o6ecneHeHHeM 
npoxo»cfleHHfl HisinyjiBca yjiBxpasByKOBBix KOJieGaHHii ox o^Horo k ^yroMy 
HanpaMyK) h/hjih nocjie m-KpaxHoro oxpajKeniw, r^e m - ^eJIoe hhcto, hc 
npcBKiniaiomee 20, ox BHyxpeimei! nosepxHocxH xpySonpoBOfla. 

5. yjiBxpasByKOBoa pacxoflOMep non,2,oxjiHHaK)mHHCH tcm, hxo 
6jiok 4>opMHpoBaHiw H anajiHsa sjieicxpEraeckHX HMnyjiBcoB co^ep^cHX 

KOHXpOJIJiep, SJICKXpHHeCKH CB^SaHHBlH KaK MHHHMyM C flByMS KaHaJIBHBIMH 

npHCMonepeflaxHHKaMH, jiByua AUJl, renepaxopoM HAOiyjiBCOB, HH^HKaxopoM h 
ysjioM HHxep4)eHca, npHHCM renepaxop HMiiyjiBCOB ancKipHHecKH csHsaH c 
KaHaJiBHHMH npHeMonepcflaxHHKaMH, Kaacfl&ifi h3 KOXopBix BsaHMocBasan c 
cooxBexcxByiomHM AUn h c cooxBexcxByiomHM bxoaom-bbixoaom 
sjieKxpHHecKofi CBasH 6jioKa ^opmipoBaHm h anajiHsa sjieicxpHHecKHX 
HovinyjiBCOB c o6paxHMBiM sjieKTpoaKycxHMecKHM npeo6pa30BaxejieM. 





YnbTpasByKOBoPi cnoco6 nawepeHUfl pacxofla >kmakhx m/mjim 
ra30o6pa3Hbix cpeA n ycipoiicTBo flji« ero ocyu4ecTBneHMfl 
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PEOEPAT 

HsoepexeHHC OTHOCHTCH K HSMepHXeJILHOH TeXHHKe. 

flJM yBejiHHeHHH TOHHOCTH HSMepeHHfl pacxofla xcHAKOH h/hjih 
ra3oo6pa3HOH cpe^Bi yjitipasByKOBOH cnoco6 HSMepeHHa pacxofla acHflKHx h/hjih 
ra3oo6pa3HMx cpefl BKjnoHaex HSJiyneBHe yjiBipasByKOBUx Ko;ie6aHHg no noTOKy 
Hjm npoTHB noTOKa HSMepaeMoii cpe^M, npneM npomeffiimx cpe^y Kone6aHHii c 
npeo6pa30BaHHeM b sjieKxpHHecKHe CHrnajiLi h HSJiyneHHe yjiBipasByKOBBix 
KbJieeaHHil npoTHB noxoKa hjih no noxoicy HSMep^cMofi cpeflu, npncM 
npomeAurax cpepy KOJieSaHHft c nocjieflyionmM npeoSpasoBaHHeM b 
sjieKxpH^ecKHe cHraajiH, anajnia BBmieyKaaaHHHx sjieicrpHHecKHx CHraajioB ^Jia 
onpeflejieHHH paanociH BpeMCHH npoxoKflCHHa yjiBxpasByKOBBix KOJieSaHHH lio 
noxoKy H npoxHfi Hero fljw BHHHCJieHHH pacxofla cpe^Bi, npn 3xom HcnojiBsyioT 
KaK MHHHMyM ffBa o6paTHMBix SJieKipoaKycxMHecKHX npeo6pa30BaxejM, Ka»«Bifi 
H3 KoxopBix HMeex flHarpaMMy HanpasjieHHOcxH c yrjioM pacxBopa He AieHce 60" b 
pasHBix njiocKocxax ceneHHa h pacnojioacen na HSMcpHxejiBHOM ynacxKfe 
xpy6onpoBOfla xaicHM o6pa30M, hxo ocb ;iHarpaMMBi HanpaBJieHHocxH 
npcHMymecxBeHHo nepneH^HKyjwpHaK npo/iojiBHoii och ipy6onpoBOAa.Hn.lji.. 



Pe(i)epeHT h^^^^^ 
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